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parison of the two intervals of 75 years were exceedingly 
puzzling. While the observations beginning with about 
1826 showed a nearly homogeneous variation of 11-125 
years', this period seemed almost entirely absent between 
1749 and 1826. Its place was during that interval taken 
by two important groups of periodicities, one of which 
had a periodic time of about 9-25 years, while the second 
had an average period of 13-75 years. The latter period 
was represented more nearly by what in spectroscopy is 
called a “band,” extending from 13-25 to 14-25 years, but 
some of this want of definiteness may be due to the de¬ 
ficiency in observational data. For some time I was 
inclined to draw the conclusion that such periodicities as 
we observe are comparatively short lived, and replaced by 
a number of others which in their turn die out. A more 
detailed investigation, however, convinced me that the 
periooicities are, as regards the interval of time elapsing 
between successive maxima, extremely regular, occurring 
with what may prove to be astronomical accuracy. The 
key of the solution is, I believe, to be found in the over¬ 
lapping of a number of periods, all of which are regular 
as regards time, but vary considerably as regards intensity, 
so that one or other may for a certain number of years 
become inactive. Their real existence is proved by the fact 
that whenever they reappear after a period of inactivity, 
the phase of the renewed periodic action fits in exactly 
with the continuation of the old period. 

A periodicity of about 4-78 years runs through the whole 
of the observations. Its amplitude being about one-sixth 
of that of the eleven-year period is too great to be 
accounted for by accident. It appears separately in the 
series of Wolf’s numbers, ranging from 1749-1826 and 
from 1826—1900. It also appears in the series depending 
on the measurement of areas. The phases of the period 
as determined from these series are in good agreement, and 
even while 1 was inclined to question the permanency of 
the eleven-year period I never felt any doubt that during 
the whole length of 150 years this period has been acting. 
Its time, determined as accurately as possible from the 
combined records, was 4-81 years, but I believe that if 
greater weight were given to the more recent and more 
complete observations the number would be slightly re¬ 
duced. As regards the main period, which has certainly 
given its character to the sun-spot statistics during the 
greater part of the last century, I find the time as deter¬ 
mined from the observations since 7826 alone to be 11-125 
years. This agrees well with Wolfer’s estimate of 11-124, 
and Newcomb’s investigation, which led to 11-13 as the 
most probable number. 

If to the most accurate series of measurements of sun¬ 
spot areas which begin in 1832 we apply a process the 
result of which is the elimination of the chief period, and 
draw a curve representing what is left, we find decided 
maxima during the years 1836, 1845, 1853, 1862, and 

1870, the intervals being alternately 9 and 8 years, or 
8-5 years on the average. The periodogram based on 
Wolf's numbers for the complete interval 1749-1900 shows 
a decided maximum of intensity for a periodicity of 8-25 
years. Adopting this period provisionally, and disregard¬ 
ing all observations since 1826, we may use Wolf’s series 
previous to that date for the determination of the phase 
of the period in question, and thus forecast the maxima 
for the subsequent interval. We thus obtain 1836-3, 
j 844 ' 7 > 1852-9, 1861-2, 1869-4, > n almost exact agreement 
with the above. The slight disagreement of phase would 
be corrected by assuming the time to have been 8-32 years. 

A periodicity of about 13-5 years shows as a maximum 
of intensity in the periodogram for the complete interval. 
In connection with it the following facts seem remarkable. 
I here are in Wolf’s records three cases of successive 
maxima having an interval of between 13 and 14 years. 
They are :—1626-0-1639-5, 1816-4-1829-9, 1870-6-1883-9. 
Also the interval between 1639-5 and 1816-4 is thirteen 
times 13-61, and the interval between 1829-9 and 1870-6 is 
three times 13-57. Thus the maxima all fit in with a 
period of about 13-6 years, which with varying intensity 
seems to have run through the whole record of observ¬ 
ations. 

Not wishing to lay too great a stress on what may 
prove to be merely a numerical coincidence, I return to the 
three periods which have been determined with some 
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accuracy. It was only after the periodic times had been 
independently determined that the following remarkable 
relationship between the numbers was discovered. Taking 
frequencies into consideration, we are led to form the 
reciprocals of the periodic times, and thus find 

1/11-125 = 0-08989 
1/8.32 =0-12019. 

Adding up we find 

1/4-76 = 0-21008. 

Hence the sum of the frequencies of two of the periods 
agrees within the possible errors with the frequency of the 
third period. But it is also found that the two first 
numbers are very nearly in the ratio of three to four, so 
that we may also express the three periodic times as sub¬ 
periods of 33*375 years. Thus 

3 X 33-375 = 11-125 
1 X 33 - 375 = 8-344 
7 x 33-375 = 4768. 

How far this connection is accurate or approximate it is 
impossible to say at present, but the fact that the three 
periods which have been traced with a considerable degree 
of certainty should also bear a remarkably simple relation¬ 
ship to each other is worthy of note. 

If we accept a period twice as long as that given above, 
we might account for other periodicities of which at 
present the times are only approximately determined ; thus 
4x66-75 would lead us to 13-34, * n fair agreement with 
the period of 13-57 years which has been mentioned above. 
But the difference is greater than it should be, and at the 
present I do not wish to put forward the longer. 

Arthur Schuster. 


NATURAL HISTORY AND ARCHAEOLOGY OF 
THE WATER LI LIES A 

MR- CONARD has embodied the result of several years’ 
work on the waterlilies in the sumptuous volume 
before us. The monograph opens with an historical 
account of the plants as they were known to the ancients, 
and then deals with the group from a modern botanical 
point of view. 

An interesting part of the memoir deals with the 
morphology and development of the plants, and the reader 
will find much that is worth reading therein. It must be 
confessed, however, that, taken as a whole, this portion 
occupies a somewhat large number of pages in proportion 
to the amount of valuable information it contains, the 
structure of the root is given at some length, but one 
would have liked to see a comparative treatment given 
that embraced not only the roots of different species, but 
also those of an individual plant at various stages of the 
life-history. Possibly such an investigation might throw 
light on the nature or origin of the “ Liorrhizic ” 
character of the roots in the waterlilies. Mr. Conard 
gives a good account of the formation of the intercellular 
spaces and the diaphragms so characteristic of the order, 
and he mentions' an interesting occurrence of stomata on 
the under surface of the aerial leaves that rise above the 
level of the water in Nymphaea odorata var. minor. 

The occurrence of stipules is a point of some note, and 
it may be remarked that their absence from the early 
leaves of the seedlings detracts from their phylogenetic 
significance in the group. 

A short sketch of the development of the flower is in¬ 
cluded in the monograph, and we think it might have 
been considerably extended with no small advantage. The 
flowers, as is well known, occupy a remarkable position 
in waterlilies, where they apparently replace a leaf. The 
author was led to adopt a suggestion made by Caspary 
as to the morphology of the flower which explains the 
anomaly and at the same time appears to fit the facts of 
development. The anterior sepal, which appears first, and 
often well below the others, is regarded as morphologically 
representing the bract, whilst the two lateral sepals are 

1 “The Waterlilies. A Monograph of the Genus Nymphaea.’' fly 
Henry S. Conard. Pp. xiii-f-279, (Published by the Carnegie Institution 
of Washington, 1905.) 
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in like manner formed at the expense of the two prophylls. 
A similar explanation, it may be remarked, has been 
advanced, also on good grounds, to explain the otherwise 
anomalous character of the flower and inflorescence in 
Adoxa moschatellina. 

The chief part of the work is devoted to the taxonomy 
of the group and to the description and delineation of the 
different species. Distribution and hybridisation are briefly 
considered, and a short chapter on the culture of the 
waterlilies is added; the work closes with an excellent 
bibliography. 

The illustrations are numerous, and many of them are 
finely executed in colour, whilst the paper and printing 
leave nothing to be desired even by the most fastidious 
bibliophile. The book certainly deserves a place on the 
shelves of those who are interested in a group more 
beautiful than most, and perhaps inferior to none, of the 
plants that are cultivated for the beauty alike of their 
form and of their colour. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge. —-The general beard has nominated the 
following as electors to professorships :—Prof. W. A. 
Tilden to the professorship of chemistry, Sir W. D. Niven 
to the Plumian professorship of astronomy, Sir A. Geikie 
to the professorship of geology, Prof. J. J. Thomson to 
the Jacksonian professorship of natural philosophy, Sir 
W. H. Broadbent to the Downing professorship of medi¬ 
cine, Dr. L. Fletcher to the professorship of mineralogy, 
Prof. Larmor to the professorship of experimental physics, 
Sir W. H. White to the professorship of mechanism and 
applied mechanics, Prof. Schafer to the professorship of 
physiology, and Dr. J. F. Payne to the professorship of 
pathology. 

Mr. A. R. Brown, of Trinity College, has been elected 
to the Anthony Wilkin studentship in ethnology and 
archaeology. This is the first election which has been 
made to this recently founded studentship. 


The Goldsmiths’ Company has voted a further sum of 
1558L, in addition to its previous endowment of the Gold¬ 
smiths’ College at New Cross, to defray the expenses of 
putting the buildings in complete working order. 

Under the auspices of the Society for the Technical 
Education of Women, founded a few years ago by Mrs. 
P. N. Arian, a technical high school for women was 
opened in St. Petersburg on January 28. The new high 
school has two faculties, one for engineering and build¬ 
ing subjects, and the other for electrochemistry, and pro¬ 
vides a four-year course in each, which courses it is 
intended shall be of the same educational standard as those 
in the same subjects in the present technical high schools. 

We have received a copy of a well illustrated 
“ Souvenir ” of the opening last year of the new engineer¬ 
ing and metallurgical laboratories of the University of 
Sheffield. In view of the illustrated article published in 
Nature for July 20, 1905, describing the new buildings 
at Sheffield, it is unnecessary to do more than direct 
attention to the excellence and great extent of the provision 
made in this new university for teaching the higher 
branches of applied science. It is possible from the 
numerous well executed pictures in the souvenir to 
form a good idea of the laboratories and their equipment 
without a visit to Sheffield. 

Science announces further munificent gifts to higher 
education in the United States. Mr. John D. Rockefeller 
has given 290,000 i. to the University of Chicago. Of this 
sum, 200,000/. is for the permanent endowment, 70,000/. 
to cover the current expenditures or deficit of the various 
departments of the University to July 1, 1907, and the 
remaining 20,000/. is to provide k fund, the interest of 
which is to go to the widow of the late President Harper 
during her lifetime. By the will of the late Mr. Marshall 
Field, Chicago receives 1,600,000/. for the endowment and 
maintenance of the Field Columbian Museum. The be¬ 
quest is on condition that within six years from the death 
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of Mr. Field there shall be provided a satisfactory site 
for the permanent home of the museum. By the will of 
the late Mr. W. C. Putnam, the Davenport (Iowa) 
Academy of Sciences becomes prospectively one of the 
most richly endowed institutions of its kind in the world. 
Mr. Putnam left an estate of i/jo.oooZ. with provisions 
for limited incomes to relatives, the remainder of the 
revenues to be paid to the academy, and the entire estate to 
go to that institution at the death of the surviving brothers 
and sisters. 

Under the leadership of Dr. Cbiari, a member of the 
Austrian Government, a petition was recently laid before 
the Austrian Minister of Education in which the teaching 
of chemistry in the technical high schools was given the 
most prominent place. The petition affirmed that the 
present conditions of the chemical laboratories in the high 
schools had repeatedly been the subject of severe criticism 
in technical circles; that neither the space provided, 
the existing equipment nor the teaching staff was at all 
adequate to the requirements of modern chemistry. The 
backwardness of Austrian chemical laboratories could not 
but most seriously affect the chemical industries ; indeed, 
in no other branch of commerce was a direct and intimate 
connection with the high schools so absolutely essential. 
The schools had been neglected, and consequently it was 
found that instruction jn general technical chemistry and 
the intensive study of those branches of technical chemistry 
which were particularly suited to Austria had not received 
that amount of attention which they needed. A scheme 
involving the erection of a new chemical institute in 
Vienna was laid before the Government last year. The 
petitioners desired a speedy settlement of the existing mis¬ 
understandings on this subject, as they considered the 
building of such a chemical institute the first condition to 
an increased interest in Austrian chemical industries. 

A copy of the address delivered by Sir Alexander R, 
Binnie at the recent distribution of prizes to students of 
the Merchant Venturers’ Technical College, Bristol, has 
been received. The address dealt in broad outline with 
education and with what it in a certain sense implies, the 
acquisition of knowledge. Answering the question. How 
do we obtain knowledge? Sir Alexander Binnie said it can 
only be obtained through those senses with which human 
beings are endowed. First, knowledge includes sensations 
directly conveyed, that is, personal knowledge. Then 
there is knowledge of the world conveyed in books, that 
is, the teaching of authority ; and there is a third, an all 
important division of knowledge, derived partly through 
observation, and partly through the mysterious property 
called mind. Observation and reasoning lead, especially 
in the line of science, to certainties greater, often more 
sure and more truthful, than those received through the 
senses. Later in the address Sir Alexander Binnie urged 
that in all these matters of education it is necessary to be 
careful; arrogance and self-conceit are quite out of place. 
There are limitations to all, but in the study of nature, and 
the great truths that nature reveals, the human mind is 
enlarged and its conceptions are elevated. In all the 
knowledge acquired during the years that human beings 
are permitted to indulge in that wonderful spectacle which 
nature presents, a preparation is being undergone, and it 
is to be hoped an advancement from a lower to a higher 
grade of mind. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, December 7, 1905.—“The Determination 
of the Osmotic Pressures of Solutions by the Measure¬ 
ment of their Vapour Pressures.” By the Earl of 
Berkeley and E. G. J. Hartley. Communicated by 
W. C. D. Whetham, F.R.S. 

The authors find that Ostwald and Walker’s “ bubbling ” 
method of determining the lowering of the vapour pressure 
of solutions is unsatisfactory. They therefore use a form 
of apparatus such that dry air is allowed to pass over 
the solution, while the latter is continuously stirred, and 
then over the solvent. By placing two vessels containing 
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